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Objectives The goal of this study was to evaluate the prevalence and clinical characteristics of mental stress–induced myo-
cardial ischemia.
Background Mental stress–induced myocardial ischemia is prevalent and a risk factor for poor prognosis in patients with cor-
onary heart disease, but past studies mainly studied patients with exercise-induced myocardial ischemia.
Methods Eligible patients with clinically stable coronary heart disease, regardless of exercise stress testing status, underwent a
battery of 3 mental stress tests followed by a treadmill test. Stress-induced ischemia, assessed by echocardiography
and electrocardiography, was defined as: 1) development or worsening of regional wall motion abnormality; 2) left
ventricular ejection fraction reduction 8%; and/or 3) horizontal or downsloping ST-segment depression 1 mm in 2
or more leads lasting for 3 consecutive beats during at least 1 mental test or during the exercise test.
Results Mental stress–induced ischemia occurred in 43.45%, whereas exercise-induced ischemia occurred in 33.79%
(p  0.002) of the study population (N  310). Women (odds ratio [OR]: 1.88), patients who were not married
(OR: 1.99), and patients who lived alone (OR: 2.24) were more likely to have mental stress–induced ischemia
(all p  0.05). Multivariate analysis showed that compared with married men or men living with someone, un-
married men (OR: 2.57) and married women (OR: 3.18), or living alone (male OR: 2.25 and female OR: 2.72,
respectively) had higher risk for mental stress–induced ischemia (all p  0.05).
Conclusions Mental stress–induced ischemia is more common than exercise-induced ischemia in patients with clinically stable
coronary heart disease. Women, unmarried men, and individuals living alone are at higher risk for mental stress–
induced ischemia. (Responses of Myocardial Ischemia to Escitalopram Treatment [REMIT]; NCT00574847)
(J Am Coll Cardiol 2013;61:714–22) © 2013 by the American College of Cardiology Foundation
Published by Elsevier Inc. http://dx.doi.org/10.1016/j.jacc.2012.11.037Many studies have demonstrated that mental stress–induced
myocardial ischemia (MSIMI) is prevalent among patients
with coronary heart disease (CHD) who exhibit exercise
stress–induced myocardial ischemia (ESIMI) (1–3).
MSIMI is clinically important for this population, as those
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February 19, 2013:714–22 Mental Stress–Induced Myocardial IschemiaIn a study conducted by Ramachandruni et al. (11), 6 (28.6%) of
the 21 participants with a negative exercise stress test exhibited a
mental stress–induced perfusion defect, suggesting that MSIMI
may be present in a significant number of CHD patients without
ESMI. Nevertheless, studies incorporating larger sample sizes are
needed to provide a better estimate of the prevalence of MSIMI,
relative to ESIMI, in the CHD population.
In this study, we present data collected from 310 patients with
clinically stable CHD who underwent screening for MSIMI as a
part of the REMIT (Responses of Myocardial Ischemia to
Escitalopram Treatment) study (NCT00574847) (12). The spe-
cific focus of the present study was to examine the prevalence and
demographic/clinical characteristics of MSIMI, as well as com-
pare left ventricular responses to mental and exercise stress tests.
Methods
Both male and female adult patients, age 21 years or older,
with documented CHD (by angiographic finding of coronary
artery stenosis 70%, history of myocardial infarction, and/or
revascularization procedures, such as coronary artery bypass
graft surgery or percutaneous coronary intervention), were
recruited for screening for the REMIT study (12). The
REMIT study required that CHD patients demonstrate
MSIMI during the baseline screening to be eligible for
participation in the trial intervention. The protocol was re-
viewed and approved by the Duke University Health System
Institutional Review Board. All participants voluntarily pro-
vided written informed consent.
Patients with CHD who visited the cardiology outpatient
clinics of the Duke University Health System between July
2007 and September 2011 were systematically screened for
eligibility for the present study. The detailed inclusion and
exclusion criteria of REMIT have been previously described
and are available in the Online Appendix (12). Once an eligible
patient was identified, permission to participate in the study
from his/her cardiologist was obtained, and the patient was
approached for study consent followed by further assessment.
Study Procedures
The REMIT study procedures have been previously pub-
lished (12). In brief, participants were administered an
interview designed for the collection of demographic and
clinical characteristics data, a structured psychiatric assess-
ment, and a series of psychometric tests, followed by
measurement of resting vital signs (12). Participants com-
pleted the stress testing on a separate day.
Mental and exercise stress testing. The stress testing was
conducted at the Duke Cardiac Diagnostic Unit between 8
AM and 11 AM. Beta-blockers were withheld for 24 to 48 h,
depending on the half-life of these medications, before the
stress testing. Following a 20-min rest period, participants
underwent 3 mental stress tasks in sequence: 1) mental
arithmetic (MS1); 2) mirror trace (MS2); and 3) anger recall
public speech (MS3). A rest period of 6 min followed every
stress test. Following the completion of MS3 and a resting vperiod, patients performed an ex-
ercise treadmill test (ES) using
the standard Bruce protocol (13).
ES was terminated according to
the guidelines of the American
College of Sports Medicine.
Emotions (sadness, frustration,
tension, calm, and in-control)
and physical symptoms (chest
pain, discomfort, shortness of
breath, and others) were col-
lected at rest and after each stress
test via a self-rated visual log.
One significant difference of this
study from previous studies was
that except for beta-blockers,
other cardiac medications were
continued during the stress test-
ing (1,2,9).
Assessment of myocardial isch-
emia. Echocardiography and elec-
trocardiography were used to as-
sess for myocardial ischemia
(14). Digital acquisition of echo
images was obtained during the
last 3 min of the baseline resting
period, for 3 min during each mental stress test, and at the
peak of the ES (12). Blood pressure, heart rate, and standard
12-lead electrocardiography were recorded simultaneously
during the acquisition of the echo images. Images (paraster-
nal long- and short-axis views and apical 4- and 2-chamber
views) were acquired using a 3-MHz transducer while in the
harmonic imaging mode of the Philips iE33 system (Philips
Ultrasound, Bothell, Washington). Left ventricular wall
motion was assessed using the American Society of Echo-
cardiography’s recommended 16-segment model and deter-
mined from 30 to 40 frames of systole from a cardiac cycle.
Each segment was graded and scored as normal (normal or
hyperdynamic; score  1) or abnormal (hypokinetic, aki-
etic, dyskinetic, or aneurysmal; scores  2, 3, 4, or 5,
espectively) wall motion. The kappa value for the intra-/
ntervariability of wall motion analysis in this study ranges
rom 0.80 to 0.87. Wall motion score index, the sum of wall
otion scores divided by the total number of segments
cored, was calculated at rest, during each mental stress test,
nd during ES. In addition, we calculated the wall motion
core index for the basal, middle, and apical regions of the
eft ventricle. The purpose of calculating these scores was to
ocument the effects of stress on specific regions of the left
entricle. Spearman coefficients of correlation for the intra-
ariability/intervariability of the wall motion score index of
he study range from 0.89 to 0.94. Left ventricular ejection
raction (LVEF) was calculated by measuring the images of
he 2 apical windows (parasternal long-axis, apical
-chamber, and apical 2-chamber) from a 3- to 5-beat loop
Abbreviations
and Acronyms
CHD  coronary heart
disease
CI  confidence interval
CV  cardiovascular
ES  exercise treadmill
stress test
ESIMI  exercise stress–
induced myocardial
ischemia
LVEF  left ventricular
ejection fraction
MS1  mental arithmetic
stress test
MS2  mirror trace stress
test
MS3  anger recall public
speech stress test
MSIMI  mental stress–
induced myocardial
ischemia
OR  odds ratio
WMA  wall motion
abnormalityia the biplane Simpson’s method (15).
R
s
i
u
v
S
i
i
r
a
w
c
R
A
f
s
t
R
i
r
(
t
t
M
w
p
E
v
a
c
p
t
c
a
s
p
D
E
d
a
r
w
[
(
w
w
h
a
d
716 Jiang et al. JACC Vol. 61, No. 7, 2013
Mental Stress–Induced Myocardial Ischemia February 19, 2013:714–22Definition of stress-induced myocardial ischemia.
Stress-induced myocardial ischemia was defined by 1 or
more of the following: 1) development of a new or a worse
wall motion abnormality (WMA); 2) reduction of LVEF
8%; and/or 3) horizontal or downsloping ST-segment
depression1 mm or ST-segment elevation1 mm in 2 or
more leads lasting for 3 consecutive beats. MSIMI was
defined by the aforementioned ischemic changes during 1 or
more of the 3 mental stress tasks.
Statistical analysis. Descriptive statistics and plots were
used to assess the demographic and clinical characteristic
differences of the following: 1) patients with and without
MSIMI; 2) patients with and without ESIMI; and 3) patients
with MSIMI only versus patients with ESIMI only. Chi-
square or Fisher exact tests were used for categorical
variables, and Student t tests for continuous variables.
epeated measures analysis of variance was used for within-
ubjects comparisons of continuous variables (e.g., compar-
ng LVEF changes across tasks), and the McNemar test was
sed to test for within-subjects differences of categorical
ariables (e.g., comparing rates of MSIMI and ESIMI).
pearman correlation coefficients were used to examine
nterrelationships among the various wall motion score
ndex and LVEF changes during the stress tests. Logistic
egression models were used to test predictors of MSIMI
nd ESIMI. SAS version 9.1 (SAS, Cary North Carolina)
as utilized for the analysis. A p value of 0.05 was
onsidered statistically significant.
esults
total of 400 clinically stable CHD patients provided consent
or the baseline REMIT assessments, and 310 underwent the
tress tests. Study enrollment is summarized in Figure 1. OfFigure 1 Consort of the Study Enrollmenthose 310 patients, 290 completed all mental and exercise tests.
ate of mental and exercise stress–induced myocardial
schemia. MSIMI was more frequent than ESIMI, occur-
ing in 43.5% of patients compared with 33.8% for ESIMI
McNemar chi-square [1] 9.12, p 0.003) (Table 1). Of
he sample, 46.6% had no ischemia during any of the stress
ests, 23.8% showed both MSIMI and ESIMI, 19.7% had
SIMI only, and 10.0% had ESIMI only. Of the patients
ith ESIMI, 70.4% also had MISMI, and 54.76% of
atients with MSIMI demonstrated ESIMI. Relative to
S, mental stress induced greater rates of WMA (36.21%
s. 21.60%, McNemar chi-square [1]  31.50, p  0.0001)
nd LVEF reduction 8% (18.05% vs. 4.96%, McNemar
hi-square [1]  27.92, p  0.0001) (Table 1). Similar to
revious studies, mental stress testing did not induce elec-
rocardiographic ischemic changes (Table 1) (4). Exercise
apacity, indicated by the exercise duration, peak heart rate,
nd ability to achieve target maximal heart rate, was not
tatistically different between patients with MSIMI and
atients without MSIMI (Table 2).
emographic and clinical characteristics of MSIMI and
SIMI. The characteristics of the overall population and
ifferences between patients with and without MSIMI
nd between patients with and without ESIMI are summa-
ized in Table 3. Univariate analysis demonstrated that
omen (odds ratio [OR]: 1.88, 95% confidence interval
CI]: 1.04 to 3.42, p 0.04), patients who were not married
OR: 1.99, 95% CI: 1.19 to 3.36, p  0.009), and patients
ho lived alone (OR: 2.24, 95% CI: 1.19 to 4.20, p 0.01)
ere more likely to exhibit MSIMI. In multivariate analysis,
owever, none of these variables emerged as significantly
nd independently associated with MSIMI. This is likely
ue to the intercorrelations of the variables. For example,
tress te
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February 19, 2013:714–22 Mental Stress–Induced Myocardial Ischemialiving arrangement and marital status were highly correlated
(r 0.69), whereas the correlations between sex and marital
status and sex and living arrangement were r  0.39 and
r  0.24, respectively (all p values 0.0001). To further
explore the relationships of these variables to MSIMI, we
created new variables comprised of different sex and marital
status groups (i.e., female/not married, female/married, male/
not married, and male/married), and different sex and living
arrangement groups (i.e. female/living alone, female/living
with someone, male/living alone, and male/living with some-
one). Logistic regression showed a significant effect for the
sex/marital status variable (p  0.005). Compared with mar-
ried men, unmarried men (OR: 2.57, 95% CI: 1.33 to 4.97,
p  0.005) and married women (OR: 3.18, 95% CI: 1.22 to
8.32, p 0.02) were more likely to show MSIMI. Unmarried
women tended to have more MSIMI (OR: 1.82, 95% CI: 0.98
to 4.31, p 0.11). Analyses of the sex and living arrangement
variable yielded a similar pattern of results (overall model p 
0.03): compared with men living with someone, men and
women living alone (OR: 2.25, 95% CI: 1.02 to 4.93, p 
0.04, and OR: 2.72, 95% CI: 1.03 to 7.17, p  0.04,
respectively) were more likely to show MSIMI. Women living
with someone (OR: 1.78, 95% CI: 0.86 to 3.68, p  0.12)
tended to have more MSIMI.
None of those factors, however, were associated with
ESIMI. There were 2 characteristics that significantly
separated patients who developed ESIMI from those with-
out ESIMI. Compared with patients without ESIMI,
patients who exhibited ESIMI were more likely to have a
history of coronary artery bypass graft surgery (52.04% vs.
38.46%, p  0.03) and had a lower body mass index (28.1 
4.3 kg/m2 vs. 29.5  4.6 kg/m2, p  0.02).
Left Ventricular Responses and Electrocardiographic Ischemic ChaTable 1 Left Ventricular Responses and Electrocardiographic Is
WMA
EF drop 8
EF drop 5
Ischemic ECG
Overall stress-induced ischemia*
MS1 MS2
WMSI† 0.029 0.09 (0.19, 0, 0.50) 0.047 0.12 (0.29, 0, 0
LVEF† 0.28 5.10 (29.0, 0, 17.0) 0.58 5.60 (17.0,1
Values are % or mean SD (minimum, median, maximum). *The stress-induced ischemia of EF chan
LVEF  change in left ventricular ejection fraction; WMSI  change in wall motion score
stress–induced myocardial ischemia; MS  mental stress testing; MS1  mental arithmetic s
stress–induced myocardial ischemia; WMA  wall motion abnormality.
Exercise Capacity Among Patients With/WithouTable 2 Exercise Capacity Among Patients
MSIMI Only
(n  57)
MSIMI a
(
Peak HR 138.11 22.48 142
Reaching target HR 71.93
Duration, min 6.96 2.65 6Values are mean  SD or %. *None of the comparisons was statistically diff
HR  heart rate; other abbreviations as in Table 1.For the purpose of further exploring differences between
MSIMI and ESIMI, we compared patients who exhibited
MSIMI only and patients who exhibited ESIMI only.
Compared with patients with ESIMI only, patients who
had isolated MSIMI were younger (age 61.64  9.31 years vs.
64.59  8.63 years), more likely to be women (16.95% vs.
11.11%), not be married (32.20% vs. 18.52%), live alone
(15.25% vs. 11.11%), and had lower resting LVEF (54.47
11.23 vs. 59.16 6.26), though none of the differences were
statistically significant.
Stress-induced WMA and LVEF changes. Mean basal,
middle, and apical wall motion changes during each mental
and exercise task are depicted in Figure 2. Within-task analysis
revealed that all mental stress tests and ES induced greater
WMA in the mid-region of the left ventricle compared with
the basal region, and the differences with MS2, MS3, and ES
were statistically significant. All stress tests also induced greater
WMA in the apical region than those in the basal region, but
the differences were not significant. Compared with ES, MS3
demonstrated greater WMA in the basal and mid-regions, but
not the apical region.
A comparison of LVEF change scores revealed that each
mental stress task induced greater LVEF reduction than the
ES (all p values 0.0001) (Table 1). LVEF reduction
occurred in 46.8% with MS1, 52.4% MS2, 49.3% MS3, and
24.1% with ES. Figure 3 depicts the distributions of LVEF
change among MS1, MS2, MS3, and ES. Spearman
correlation coefficients analysis revealed that all 4 stressor-
induced LVEF changes were significantly intercorrelated,
but the correlations were stronger among the mental stress
tasks (0.540 to 0.585) than the correlation between exercise-
induced and mental stress–induced LVEF changes (0.392
o MS and ES (n  290)ic Change to MS and ES (n  290)
MS ES
6.21 21.60
8.05 4.96
5.71 8.78
0 17.93
3.45 (MSIMI) 33.79 (ESIMI)
MS3 ES
0.059 0.15 (0.375, 0, 1.0) 0.037 0.22 (1.0, 0, 1.31)
) 0.33 5.93 (20.0, 0, 15.0) 4.48 7.75 (24.0, 4.0, 23.0)
reduction from baseline rest8. †WMSI and LVEF are presented as changes from baseline rest.
C  electrocardiogram; EF  ejection fraction; ES  exercise stress testing; ESIMI  exercise
st; MS2  the mirror trace stress test; MS3  the anger recall stress test; MSIMI  mental
IMI or ESIMI* (n  290)/Without MSIMI or ESIMI* (n  290)
IMI Both
9)
ESIMI Only
(n  29)
No MSIMI/ESIMI
(n  135)
17.34 141.37 17.09 142.05 21.35
72.41 80.00
2.88 7.34 2.82 7.31 3.00nge tchem
3
1
3
4
.88)
.0, 23.0
ge is EF
index; Et MSWith
nd ES
n  6
.32
85.51
.37erent (all p  0.05).
ardial i
and 2.
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Mental Stress–Induced Myocardial Ischemia February 19, 2013:714–22to 0.441). Baseline LVEF was weakly associated with the
LVEF changes induced by MS1 (r  0.16, p  0.006),
but not to MS2, MS3, or ES (all p  0.20).
Stress-induced LVEF change to each mental stressor was
weakly, but significantly, correlated with concomitant
stress-induced WMA (MS1: r0.169, p 0.005; MS2:
r  0.26, p  0.0001; MS3: r  0.22, p  0.002; and
ES: r  30, p  0.0001). None of the mental stress–
induced LVEF changes correlated to exercise-induced
WMA (MS1: r  0.05, p  0.41; MS2: r  0.091,
p  0.15; and MS3: r  0.071, p  0.25), whereas
Demographic and Clinical Characteristics of PatPatients With/Without ESIMITable 3 Demographic and Clinical CharactePatients With/Without ESIMI
Overall
(n 307)
MSIM
(n  1
Age, yrs 63.81 10.48 63.35
Race, white 81.29 84.9
Female 17.42 13.2
BMI, kg/m2 28.98 4.85 29.31
Living arrangement, alone 15.81 10.9
Marital status, not married 25.81 19.6
Smoking
Current 13.87 11.5
Past 54.52 58.9
Never 31.61 29.4
ASA 95.78 95.3
Other antiplatelet agent 43.04 39.3
ACEI 63.75 64.7
Angiotensin II 12.99 9.8
Beta-blocker 83.82 81.5
Beta-blocker hold
Did not hold 8.85 7.1
12–36 h 16.54 11.4
48 h 66.14 72.8
Not documented 8.46 8.5
Calcium-channel blocker 23.05 24.4
Statin 92.18 89.5
Other lipid-lowering agent 27.00 31.3
History of MI
Yes 44.52 41.0
No 54.52 58.3
NS 0.97 0.5
History of CABG 43.55 41.0
History of PTCA/stenting 62.58 62.4
History of DM 28.39 28.6
History of HTN 80.00 81.5
History of hyperlipidemia 94.20 94.2
NYHA functional class
I 91.56 90.7
II 6.49 6.9
III 1.94 2.2
Baseline LVEF 57.11 9.70 57.99
History of depression 13.87 12.1
Values are mean SD or %. Statistical tests examined associations of
exact tests were used for categorical variables, and t tests were used
ACEI angiotensin-converting enzyme inhibitor; ASA acetylsalicyl
DM diabetes mellitus; HTN hypertension; Hx history; MImyoc
transluminal coronary angioplasty; other abbreviations as in Tables 1exercise-induced LVEF changes were weakly, but signifi-cantly, correlated with WMA induced by all 3 mental tasks
(MS1: r0.21, p 0.0008; MS2: r0.19, p 0.002;
and MS3: r  0.27, p  0.0001).
Reactivity of blood pressure, heart rate, and physical
symptoms to mental tasks versus exercise stress testing.
Similar to previous studies, mental stress induced much smaller
heart rate, systolic blood pressure, and rate-pressure product
changes than those induced by exercise, but a higher proportional
diastolic elevation (Table 4) (1,2). However, these CV reactivity
measurements were not significantly associated with ischemia
status. Nevertheless, chest pain is more common in patients with
With/Without MSIMI ands of Patients With/Without MSIMI and
MSIMI Yes
(n  134)
ESIMI No
(n 195)
ESIMI Yes
(n 98)
63.63 10.73 62.38 10.2 63.85 10.74
77.61 83.08 81.37
22.39* 15.90 20.41
28.34 4.31 29.42 4.65 28.03 4.23*
21.64* 13.85 16.33
32.84* 23.59 24.49
17.16 12.31 15.31
49.25 56.92 51.02
33.58 30.77 33.67
96.24 94.82 97.96
48.12 40.72 43.88
63.16 64.43 63.27
17.29 10.88 15.31
86.47 80.41 88.78
11.10 8.33 5.62
23.08 11.54 24.00
57.26 70.51 62.92
8.55 9.61 7.87
21.05 23.83 19.39
95.45 91.71 91.75
21.37 26.60 25.26
48.50 48.21 38.78
50.00 51.28 59.18
1.49 0.51 2.04
47.01 38.46 52.04*
62.69 64.10 60.20
29.10 27.69 28.57
78.36 81.54 76.53
94.03 94.87 92.86
92.48 91.79 91.84
6.02 5.64 7.14
1.50 2.56 1.02
56.02 10.47 56.78 10.29 56.54 10.93
16.42 12.82 16.33
raphic and clinical variables to MSIMI and ESIMI. Chi-square or Fisher
tinuous variables. *p  0.05.
BMI body mass index; CABG coronary artery bypass graft surgery;
nfarction; NYHA New York Heart Association; PTCA percutaneousientsristic
I No
73)
10.33
9
5.06
8
5
6
6
8
5
1
4
8
0
4
3
5
7
2
3
3
4
8
8
4
3
2
0
2
0
8
2
8.98
4
demog
for con
ic acid;ESIMI, and MSIMI is relatively painless (Table 4).
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This is the largest study to evaluate mental stress–
induced WMA and LVEF reduction in patients with
CHD that was not confined to patients showing signs of
ischemia to exercise or pharmacological stress test before
the mental stress testing. Major unique findings from this
study are that MSIMI is more common than ESIMI, and
the rate MSIMI occurrence was different in men and
women, especially when marital and living status were
considered.
Using the ischemia criteria of an LVEF reduction 8
and/or WMA, approximately one-half of the patients with
clinically stable CHD developed MSIMI, which was nota-
bly higher than the rate of ESIMI. Previous studies have
demonstrated that the prevalence of MSIMI varies depend-
ing on the type and duration of mental tasks being per-
formed, susceptibility of individuals being tested, and meth-
ods being utilized to detect the myocardial ischemia (3).
MSIMI occurred in 73.0% of the patients who had ESIMI
in our study, indicating that the potency of the mental tasks
and the methods of ischemic assessment in our study are
comparable to previous studies (1–3). The percentage of
patients who had MSIMI without having ESIMI (21.6%)
in our study was somewhat less than the 28.6% reported by
Ramachandruni et al. (11), the only previous existing study
that tested MSIMI prevalence in CHD patients with a
negative exercise stress test.
Female CHD patients were more likely to have MSIMI
Figure 2 Mean Regional WMSI Change Induced
by Each Stress Test
The following within-task comparisons were statistically significant (all p  0.05).
MS2: basal versus middle (p  0.04); MS3: basal versus middle (p  0.01); and
ES: basal versus middle (p  0.01). The following between-task comparisons were
statistically significant (all p  0.05). Basal segments: MS1 versus MS2, MS1
versus MS3, MS3 versus ES; mid-segments: MS1 versus MS2, MS1 versus MS3,
MS3 versus ES; and apical segments: MS1 versus MS2, MS1 versus MS3. ES 
exercise stress test; MS  mental stress test; MS1  mental arithmetic stress
test; MS2  the mirror trace stress test; MS3  the anger recall stress test;
WMSI  wall motion score index.than men. Furthermore, the results suggest that beingmarried and living with someone may protect men more
than women from having MSIMI. Such findings suggest
that these social situations may have different biological
impacts on men and women. Given that these variables
were not associated with ESIMI, the underlying psychoso-
cial and biological interaction resulting in MSIMI must be
mediated through the neurocardiovascular interplay. The
increased risk of developing MSIMI in female patients may
be partially explained by women having smaller coronary
arteries and coronary microvascular disease (16). Other
studies have reported sex differences in left ventricular
function at rest and during physical challenges such as
exercise and orthostatic stress (17–19). Findings of these
studies indicate that women have a parasympathetic pre-
dominance at rest, whereas men have a dominant sympa-
thetic regulation both at rest and during exercise (19–22).
The results of the present study may also reflect differences
in how men and women respond to social support as well as
differences in how they respond to mental stress (23–27).
Evidence indicates marriage may affect men and women
differently (28–31). Although reports of biological and
psychosocial differences of sex in relationship with CHD
have recently increased, the understanding of the role of sex
in CHD, especially its interaction with psychosocial
factors is not well understood (32–34). Previous studies
of MSIMI have included too few women to allow for
meaningful conclusions to be drawn regarding the prev-
alence and significance of MSIMI in women versus men
(3). Although our study included a larger sample of
female patients than other studies of MSIMI, the number
of women in our study was still rather small, especially for
the analyses exploring sex differences within the context
of living arrangement and marital status. Future studies
with large samples of both sexes will be required to
ascertain the reliability of these findings and to under-
stand the underlying mechanisms.
The present study allowed for a more thorough assess-
ment of the left ventricular responses to various mental tasks
and exercise. Although mental stress, especially MS2 and
MS3, induced greater increase of WMA than ES induced,
mental and physical stress caused similar regional segments
of the left ventricle, that is, greater abnormal wall motion in
mid- and apical segments than in basal segments (Fig. 2), a
commonly observed phenomena in Takotsubo, or stress-
induced cardiomyopathy (35–37). In contrast, mental stress,
on average, caused LVEF reduction and the exercise test, on
average, resulted in LVEF elevation (Table 1, Fig. 3).
Exercise-induced LVEF changes were correlated with men-
tal stress–induced wall motion changes, but mental stress–
induced LVEF changes were not correlated with the exer-
cise stress–induced wall motion changes. The lack of
correlation between mental stress–induced LVEF change
and exercise-induced WMA suggests the mechanisms or
conditions underlying mental- and exercise-induced isch-
emia are probably different. The etiology of mental stress–
induced LVEF changes has been studied, as it has a
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Goldberg et al. (9) demonstrated that both mental and
physical stressors induced LVEF changes that were strongly
and negatively correlated with the same stressor-induced
systemic vascular resistance changes (r0.41,0.53, and
0.44 for the exercise bicycle, speech, and Stroop tests,
espectively; all p values 0.001), but not with the stressor-
nduced heart rate or blood pressure changes. Changes in
ardiac output, a major contributor to LVEF, induced by
he stress testing, however, could not be fully explained by
he stress-induced systemic vascular resistance changes (9).
ther factors that contribute to LVEF changes need to be
Figure 3 Distribution of LVEF During Mental and Exercise Tes
Distribution of the change in left ventricular ejection fraction (LVEF) is shown in re
the anger recall stress test (MS3); and the exercise stress test (ES).
Reactivity of Blood Pressure, HR, RPP, and PhyDuring Stress Testing (n  290)Table 4 Reac ivity of Blood Pressure, HR, RDuring Stress Testing (n  290)
MSIMI
Yes
SBP 25.70 (12.74) 2
DBP 14.40 (8.86) 1
HR 9.24 (8.12)
RPP 3,215.47 (2,002.65) 3,17
Chest pain 1.59
Chest discomfort 10.32*
SOB 3.97
Other SXS 14.29
Reactivity is the difference of DBP, HR, RPP, and SBP between resting and
under MSIMI are the average of 3 mental tasks. *p 0.04 for MSIMI yes
versus ESIMI no.
DBP change in diastolic blood pressure;HR change in heart rate;S
product; SOB  shortness of breath; SXS  symptoms; other abbreviations aurther investigated. The features of mental stress–induced
nd exercise stress–induced segmental abnormal wall mo-
ion changes are particularly interesting in consideration of
he Takotsubo, or stress-induced cardiomyopathy (also
nown as apical ballooning syndrome) (35–37). The stress-
nduced greater increase of WMA in the mid- and apical
egments than in the basal segments of the left ventricle may
eflect a combination of myocardial necrosis and regionally
ecreased beta-adrenoceptor responsiveness with high local
atecholamine concentrations, that is, “neurogenic stunned
yocardium” that was suggested by findings from animal
tudies (39,40). However, our study was not designed to
e to the mental arithmetic stress test (MS1), the mirror trace stress test (MS2);
Symptomsnd Physical Symptoms
ESIMI
o Yes No
12.71) 56.08 (30.50) 58.68 (25.38)
8.58) 20.48 (19.34) 17.95 (19.65)
8.59) 67.91 (17.51) 66.32 (20.92)
1,993.74) 16,252 (5,482) 16,517 (5,654)
20.69† 6.32
22.99‡ 12.64
60.92 54.60
21.84 27.33
mental stress (for MSIMI) and peak of exercise (for ESIMI) testing. Values
no. †p 0.01 for ESIMI yes versus ESIMI no. ‡p 0.03 for ESIMI yesting
sponssicalPP, a
N
5.31 (
3.82 (
9.25 (
2.58 (
2.44
4.27
8.54
18.90
during
versusBP change in systolic blood pressure; RPP change rate-pressure
s in Table 1.
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1
1
1
1
1
1
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2
2
2
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3
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stress tests produce Takotsubo cardiomyopathy–like mani-
festations, and further discussion of its relevance to the
present study would be highly speculative.
Conclusions
In summary, MSIMI is a more common condition than
previously recognized, occurs in patients with and without
ESMI, and is independent of conventional CV risk factors
and currently utilized CV protective medications. Further
studies are needed to fully characterize the underlying
mechanisms and the role of sex, marriage, and living
arrangements in MSIMI. A greater appreciation of the high
prevalence of MSIMI in stable CHD patients is needed so
further research can be directed towards delineating effective
management of this condition.
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